Introduction: Central venous catheterization (CVC) can be an important component of the management of patients with severe sepsis and septic shock. CVC, however, is a time-and resource-intensive procedure associated with serious complications. The effects of the absence of shock or the presence of relative contraindications on undertaking central line placement in septic emergency department (ED) patients eligible for early goal-directed therapy (EGDT) have not been well described. We sought to determine the association of relative normotension (sustained systolic blood pressure >90 mmHg independent of or in response to an initial crystalloid resuscitation of 20 mL/kg), obesity (body mass index [BMI] ≥30), moderate thrombocytopenia (platelet count <50,000 per μL), and coagulopathy (international normalized ratio ≥2.0) with unattempted CVC in EGDT-eligible patients.
INTRODUCTION
Central venous catheterization can play a critical role in the management of patients with severe sepsis and septic shock. [1] [2] [3] Central venous access is necessary for the administration of vasopressors, which can be damaging to smaller peripheral veins and result in extensive tissue necrosis in the event of extravasation. Catheterization of a thoracic central vein, either the internal jugular or subclavian, also allows the direct measurement of central venous pressure and central venous oxygen saturation. Abnormalities of these measures can be used to grade the severity of sepsis and their normalization can serve as a goal of resuscitation. 4 Thoracic central venous catheterization, however, is a time-and resource-intensive procedure associated with serious mechanical complications, including pneumothorax and hemorrhage. Thoracic central venous catheterization has been identified by both physicians and nurses in busy urban emergency departments (EDs) as one of several barriers to the implementation of national sepsis treatment guidelines. 5, 6 The decision to pursue central venous catheterization for the administration of vasopressors may seem more compelling than when the line's only purpose is directing protocolized management. In the latter case, especially, weighing indications and relative contraindications can be a difficult calculus. This is due to the fact that the precise incremental benefit of a thoracic central line in early goaldirected therapy (EGDT) among various subpopulations of septic patients has yet to be quantified. It is unclear how much weight should be given to various relative contraindications to central line placement. For example, the risk of complications with thoracic central venous catheterization in septic patients with abnormal hemostasis in an age of ultrasound guidance is not well characterized. Absent evidence of this kind, physicians are guided by clinical judgment informed by training, experience, and local practice patterns. 7 How this works out in clinical practice in terms of procedures attempted and procedures averted has not been described. We undertook this cohort study of septic ED patients eligible for EGDT to determine to what extent, if at all, relative normotension, obesity, and abnormal hemostasis were associated with failure to attempt central venous catheterization.
METHODS

Study Setting and Design
We analyzed a cohort of adult septic patients who met criteria for EGDT between August 1, 2009 , and August 31, 2010, in 5 community EDs within Kaiser Permanente Northern California (KPNC). KPNC is a large integrated healthcare delivery system that provides comprehensive care for more than 3.4 million members and receives over 900,000 annual ED visits. KPNC health plan members represent approximately 25-30% of the population in areas served and are similar to the general population with respect to race/ethnicity, socioeconomic status, and education, with the exception of a slight underrepresentation of the extremes of income. 8, 9 The study was reviewed and granted formal exemption by the KPNC Health Services Institutional Review Board.
The study EDs are staffed by emergency medicine residency-trained and board-certified (or board-eligible) physicians. The departments vary in volume. During the study period, 3 EDs each had an approximate annual census of 75,000. The other 2 had an annual census of 35,000 and 25,000, respectively. Two of the 5 EDs are affiliated with a university emergency medicine residency training program. One ED is a Level II trauma center. All medical centers have adult intensive care units with bed capability ranging from 12 to 32.
The study period followed the implementation of a standardized version of EGDT as part of a region-wide quality improvement initiative that included a training program at each facility on sepsis diagnoses, management, and ultrasoundguided thoracic central venous catheterization. The other components of our medical group's performance improvement program have been described elsewhere. 10 Sepsis management during the study period followed a modified Rivers protocol that did not require arterial catheterization. 4 The modified protocol also allowed ScvO 2 monitoring to occur continuously through a specialized ScvO 2 catheter or intermittently through centrally drawn venous blood gases.
We explore unattempted thoracic central venous catheterization, because EGDT calls for thoracic line placement. But we know from experience that physicians who avoid placing a thoracic central line for whatever reason may nonetheless attempt femoral venous catheterization. We chose therefore to study patient variables associated with both unattempted thoracic central vein catheterization as well as unattempted placement at any site, thoracic or femoral.
We hypothesized that 3 patient variables might prove a significant deterrent to thoracic central venous catheterization even when otherwise clinically indicated and encouraged by an active quality improvement program: (1) relative normotension, which might imply that thoracic central venous access was not really necessary despite a serum lactate level ≥4 mmol/L; (2) obesity, which might dissuade a physician from attempting such a procedure because of its perceived technical difficulty; and (3) abnormal hemostasis (either moderate thrombocytopenia or coagulopathy), which might suggest that the risk of bleeding from a venous (or accidental arterial) puncture is greater than the benefit gained from thoracic central venous access.
We assumed that in higher risk situations the clinical decision making would tilt more favorably toward femoral venous access than thoracic venous access because femoral lines might be perceived to be less technically difficult to accomplish and easier to directly compress in the case of excessive post-procedural bleeding. We hypothesized then that obesity and abnormal hemostasis would not be associated with unattempted central venous access when attempted femoral vein catheterization was included in the analysis.
Relative normotension in this study is defined as a sustained systolic blood pressure (SBP) >90 mmHg, either independent of or in response to initial fluid resuscitation of 20 mL/kg of intravenous crystalloids over one hour. Obesity is defined as a body mass index (BMI) ≥30. Moderate thrombocytopenia is defined as an ED platelet count <50,000/μl. An ED international normalized ratio (INR) ≥2.0 constitutes coagulopathy. The latter 2 are referred to as disorders of hemostasis.
Selection of Participants
We identified the cohort from a larger KPNC sepsis database (the Quality database) created retrospectively and managed by the data consulting team of the Quality and Accreditation, Regulation and Licensing Division of Kaiser Foundation Hospital, Inc. We included adult nongravid patients (≥18 years of age) from KPNC's 21 EDs in the Quality database if they had an inpatient diagnosis of severe sepsis or septic shock (ICD-9 codes: 003.1, 036.2, 038.0-038.9, 785.52, 995.91, 995.92), major infection in the ED (known or suspected), and either 2 or more systemic inflammatory response syndrome (SIRS) criteria or an altered level of consciousness. 10 Excluded were ED patients with comfort care status, those admitted directly to the operating suite, and patients with hypotension or lactate elevation that the treating emergency physician (EP) ascribed to a non-infectious etiology, e.g., a patient with a massive lower gastrointestinal bleed without evidence of infection.
Our study cohort was a subpopulation of the Quality database, limited to patients with severe sepsis or septic shock treated at 1 of the 5 study EDs during the study period. We excluded from the cohort patients who had declined central venous catheterization (either directly or through their caregiver or family), as well as those with a pre-existing thoracic central venous catheter or port.
Patients who met eligibility criteria were then categorized for study purposes as having severe sepsis or septic shock as follows: patients in the severe sepsis category had metabolic evidence of tissue hypoperfusion (an elevated ED serum lactate level ≥4 mmol/L) combined with relative normotension (defined above). Patients in the septic shock category had refractory hypotension (a SBP ≤90 mmHg that failed with initial volume resuscitation to stay above the 90 mmHg threshold), regardless of the ED serum lactate value.
Methods and Measurements
Two investigators (MDS, DRV) used a computerized data abstraction tool to abstract demographic, clinical, and management variables from the electronic health records. After confirming the patient's study eligibility, we collected the following variables related to the index ED visit: patient age, sex, weight, date and site of ED visit, and SBP, both initially and after initial fluid resuscitation. Patient weight was taken in nearly all cases from measurements obtained either at the time of the ED admission (often for stable ambulatory patients) or during the inpatient intake assessment (particularly for unstable and non-ambulatory patients). In only a few cases, when a measured weight was not identified, it was taken at face value from the patient or family report. 11, 12 Values obtained through electronic databases included patient height, initial ED serum lactate level, initial ED platelet count, and initial ED International Normalized Ratio (INR) (when performed). Missing values are reported as such.
The primary outcome of interest was attempted central venous catheterization (either thoracic or any site) during the ED stay. We reviewed EP and nursing notes for documentation of attempted central venous access. We also reviewed radiology reports of ED chest radiographs for evidence of films ordered to assess for post-procedural complications, as patients with an attempt (successful or not) at thoracic central line placement routinely undergo chest radiographs to detect iatrogenic pneumothorax. To reduce abstraction bias, both abstractors confirmed eligibility on all cases. Both abstractors also reviewed and confirmed all cases that failed to receive an attempted central line. A third investigator arbitrated any ambiguities encountered during electronic chart review (e.g., in eligibility, sepsis classification, or central line attempts).
Statistical Analysis
Continuous variables are presented as means with standard deviation and categorical data are presented as the percentage of frequency of occurrence (p-values are shown for t-test or chi-squared test). A p-value of less than 0.05 was considered to indicate statistical significance. We performed bivariate analysis to compare patients with attempted central venous catheterization with patients without attempted central venous catheterization. Adjusted odds ratios were calculated using multivariate logistic regression to determine independent predictors of unattempted thoracic and anysite central line placement. The 4 variables that drove our hypotheses (BMI ≥30, SBP >90 mmHg, platelet count <50,000 per μL, and INR ≥2.0) were included in the model. Standard errors in the model were adjusted for clustering by attending physician. We conducted sensitivity analysis among patients without repeated ED visits during the study period and found comparable results. We also conducted sensitivity analysis by including age and gender in the regression models, as well as by changing the BMI cut-off to ≥40 or excluding BMI altogether. With all these analyses we found the results to be comparable, i.e., these changes did not affect the direction or statistical significance of the findings. We included missing responses as a separate category for each variable. Analyses were performed using Stata statistical software, version 10 (StataCorp LP, College Station, TX).
RESULTS
During the 13-month study period, 593 septic ED patients were recognized by their EPs in the study EDs as having a known or suspected major infection and met eligibility criteria for EGDT. Of these, 166 (28.0%) declined central venous catheterization and 6 (1.0%) patients had a pre-existing central vein access port, leaving 421 patients in the cohort.
One hundred fifty-one (35.9%) had severe sepsis and 270 (64.1%) had septic shock as previously defined. (See We found that relative normotension, moderate thrombocytopenia, and INR≥2 were significantly associated † Systolic blood pressure >90 mmHg either independent of or in response to initial crystalloid bolus of 20 mL/kg. Table 2 ). With regard to any-site access, relative normotension and moderate thrombocytopenia were associated with unattempted catheterization, but an elevated INR was not ( Table 2) . Fourteen patients of the cohort met eligibility criteria on 2 different dates throughout the study period and were included in the analysis. Since each visit represented a different medical decision-making process about risks and benefits of central line placement, they were retained in the study. We adjusted for clustering of patients using sensitivity analysis and found comparable results. Likewise, the results were comparable when these 14 second visits were dropped entirely from analysis.
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Seventeen patients met diagnostic criteria for septic shock in the ED but failed to receive attempted ventral venous catheterization during their ED stay. The probable causes were as follows: immediate transfer to the intensive care unit where a central line would be placed in a timely fashion (n=2), awaiting response to ED blood transfusion (n=2), disorders of hemostasis (n=6), transient SBP response to volume resuscitation (n=4), and continued fluid administration despite failure of SBP response (n=3).
DISCUSSION
This multi-center cohort study found that septic ED patients eligible for EGDT are less likely to undergo attempted thoracic central venous catheterization when relatively normotensive or when presenting with moderate thrombocytopenia (platelet count <50,000/mL) or coagulopathy (INR≥2.0). Also, septic patients are less likely to undergo central venous catheterization at any site, thoracic or femoral, when relatively normotensive or when presenting with moderate thrombocytopenia. Identifying which patient variables are associated with procedural avoidance helps demonstrate how physicians calculate the risk/ benefit ratio when weighing explicit indications against relative contraindications for internal jugular, subclavian, and femoral venous catheterization.
We found that EGDT-eligible patients with sustained relative normotension (following volume resuscitation if indicated) were less likely to receive attempted central venous access. This result is consistent with Mikkelson et al 13 who found in multivariable analysis that normal blood pressure was independently associated with a failure to initiate EGDT. Similarly, Kakebeeke et al 14 reported that septic ED patients with only biochemical signs of organ failure, i.e., hyperlactatemia, were less likely to receive the full recommended resuscitation bundle compared with those who had overt, clinically recognizable signs of organ failure, i.e., hypotension. The disinclination to attempt an invasive procedure in normotensive patients with severe sepsis who are not in overt shock could be attributable to the generally less ill appearance of this population. It could be that the clinical gestalt of the physicians tells them the central venous catheter may be unnecessary to the resuscitation since vasopressors are unlikely to be indicated. 15 Anecdotal reports suggest this is true. Further stratification of the ED sepsis population may well demonstrate that a one-sized approach does not fit all comers. 16 Irrespective of the need for vasopressors, the EGDT protocol for sepsis management calls for thoracic central venous catheterization in order to measure and monitor central venous oxygen saturation and central venous pressure. But recent research in noninvasive approaches to resuscitation monitoring suggests that central venous catheterization may have fewer indications in sepsis management than proposed by the original Rivers protocol. 4 Central venous pressure, as either a static or dynamic measure of intravascular volume status, has repeatedly been shown to demonstrate poor correlation with fluid responsiveness (as determined by a predetermined increase in cardiac output immediately following fluid administration). 17 Lactate clearance is being explored as an alternative to central venous oxygen saturation monitoring as a marker of adequate tissue perfusion. [18] [19] [20] [21] [22] Likewise, noninvasive assessments of intravascular volume status are being studied as alternatives to traditional invasive monitoring devices. 20, [23] [24] [25] [26] Among the more promising means of detecting preload responsiveness are dynamic echocardiographic measures of cardiac output and changes Several large, multicenter trials are currently underway that seek to clarify the role of central venous catheterization (and other components of the EGDT bundle) in the management of ED patients with severe sepsis and septic shock. 28 These include the Australasian Resuscitation in Sepsis Evaluation (ARISE) trial, 29 
This study also demonstrated that obesity, contrary to our expectation, was not significantly associated with unattempted thoracic central venous catheterization. An enlarged body habitus has historically been thought to make thoracic central venous access more difficult and dangerous, which is why obesity is often listed as a relative contraindication for this procedure. Our results, however, support a shift in perceptions and evidence. For example, prospective studies of thoracic central venous catheterization have yielded mixed results regarding BMI effects, even in those using an anatomic landmark technique. Earlier anatomic landmark studies reported that BMI extremes (either too high or too low) were associated with increased central venous catheterization complications. 30, 31 More recent anatomic landmark studies, however, have found that BMI had no bearing on complication rates. 32, 33 Several studies of the complications attending thoracic central venous catheterization have not even reported or controlled for BMI. 34, 35 Emergency medicine studies using real-time ultrasound guidance further support the contemporary irrelevancy of patient weight. 36 Even if extremes of BMI are perceived by physicians to be associated with an increased risk of thoracic central venous catheterization failure or complications, obesity (and even morbid obesity) did not prove in our study to deter physicians from attempting thoracic catheterization when indicated. We did find suggestion of an association with obesity and unattempted central line placement at any site, although this association did not reach statistical significance.
We also found that physicians were more likely to forego attempted thoracic and femoral central line placement in septic ED patients with disorders of hemostasis, even among patients with septic shock. Moderate thrombocytopenia predicted both unattempted thoracic and any-site central venous catheterization. Coagulopathy INR (≥2.0) independently predicted unattempted thoracic venous catheterization but not any-site central venous catheterization.
It appears that EPs are prone to avoid any-site central venous catheterization in patients with moderate thrombocytopenia. Yet in patients with INR levels of 2 or greater physicians are not averse to placing a central line in general, just one located in the thoracic region. This femoral vein preference in coagulopathic patients could well be explained by the site's easier compressibility in case of iatrogenic hemorrhage. Femoral vein access, however, is not altogether free of significant hemorrhagic complications.
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Why a femoral vein preference was not also observed for patients with moderate thrombocytopenia is not clear.
It seems reasonable to think that placement of a large-bore catheter into a potentially difficult-to-compress thoracic vein in patients with abnormal hemostasis would increase the risk of major hemorrhage, including intrathoracic and mediastinal bleeding. But the consensus of observational data on this topic suggests that that may not actually be the case. [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] Though the bleeding risk increases as the platelet count drops and as the INR and partial thromboplastin time (PTT) rise, the risk remains relatively low and the bleeding complications are minor in nearly all cases. Platelet counts below 50,000/mL and an INR above the 3.0-5.0 range have been shown to confer a small risk (generally less than 5%) of minor bleeding at the catheter's percutaneous insertion site. These local minor bleeds are most often controllable with direct pressure or a surgical stitch in the skin. [43] [44] [45] [46] [47] [48] [49] [50] [51] 53 This small risk for minor bleeds is insufficient to warrant a denial or delay in the placement of a thoracic central venous catheter when clinically indicated.
Major bleeding in these circumstances is remarkably rare. Aggregating data from 13 diverse studies over the past 30 years-some retrospective and others prospective, some using the anatomic landmark technique and other ultrasound guidance, some with residents-in-training and others with experienced clinicians-found major hemorrhage to be a rare occurence among more than 4,000 thoracic central venous catheterizations in patients with varying degrees of altered hemostasis. [41] [42] [43] [44] [45] [47] [48] [49] [50] [51] [52] [53] [54] Nearly all of these thoracic central lines were performed without pre-procedural correction of the thrombocytopenia or coagulopathy. In fact, attempted correction of hemostatic abnormalities in patients without active bleeding may incur greater risks than benefits. 42, 44, 55 The diverse clinical conditions represented in these studies do not directly mirror our clinical situation, however, as few patients in these case series were septic and few proceduralists were EPs. Our Kaiser Permanente CREST Network (http:// www.kpcrest.net) recently completed a large retrospective cohort study of septic patients with thrombocytopenia (platelet count <100,000/mL) or coagulopathy (INR ≥1.3 or aPTT ≥35 seconds) who received central venous catheterization in the ED. Analysis of the first 700 patients, nearly all of whom received thoracic lines, suggests that major hemorrhagic events are rare; we found only one case (95% upper confidence limit: 0.8%) of major bleeding: a hemothorax from a misplaced subclavian line in a patient with an INR of 1.4. 56 In light of this large body of research, moderate
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Central Venous Catheterization in Septic Patients thrombocytopenia and coagulopathy may be less important relative contraindications for central line placement than assumed. It would follow then that the level of procedural risk aversion we demonstrated in the face of abnormal hemostasis may be overly cautious. The mortality benefit from thoracic central venous catheterization in some patients with septic shock and concomitant abnormal hemostasis is likely to outweigh the associated small risk of minor and treatable puncture-site bleeding and the very low risk of major bleeding. It has been shown that physicians are prone to overestimate risk, especially hemorrhagic risk. 57 Physician education is needed to lower misinformed risk estimates of major bleeding to more accurately match evidence from the literature. Education could also address our innate omission bias, in which we are prone to more strongly avoid complications we actively cause (e.g., iatrogenic procedural bleeding) than complications we might passively allow (e.g., the increased morbidity associated with withholding central venous catheterization). [57] [58] [59] The results of this study could help physicians recalculate the risk/benefit ratio of central venous catheterization in septic patients and thus recalibrate their management decisions in ways that improve their practice patterns.
LIMITATIONS
The major limitation in using health records as primary data sources for a retrospective study is missing, inconsistent, or erroneous documentation. We think the risk is negligible in regards to our dichotomous outcome measure-attempted or non-attempted central venous catheterization-since this documentation is both explicit and redundant. In addition to searching for documentation of attempted central venous access in the physicians' notes, we also searched the nursing notes. As a third source, we reviewed the radiography reports, since post-procedural chest radiographs are ordered commonly as a matter of course to assess for iatrogenic pneumothorax in patients who undergo successful or failed thoracic central venous catheterization. Although we believe the study's data are fairly complete and accurate, we cannot ensure the absence of error or systematic bias to which observational studies are prone.
A second limitation of this retrospective design is that other patient variables not studied herein may also predict unattempted central venous catheterization or may have confounded our associations. Also, we restricted our predictors to patient-related variables. Physician variables, such as comfort and experience with thoracic central venous access, likely influence the risk/benefit decision to attempt thoracic central venous catheterization, but are not reported in this study.
Thirdly, though we had over 400 patients in our cohort, our analysis yielded imprecise estimates, as noted by the broad confidence intervals around our adjusted odds ratios. Fourth, we do not report rates of successful line placement, use of adjunct ultrasonography, or complications of placement.
Such information is interesting but beyond the scope of this study. Lastly, this study was conducted in 5 community EDs in Northern California and may not be generalized to other practices and locations. Nevertheless, we included a diversity of EDs with varying patient volumes in different cities throughout the state. Included are small and large community EDs, adjunct training centers for emergency medicine residents, and one Level II trauma center. These variations help to enhance the study's external validity.
CONCLUSION
This multi-center cohort study found that most ED patients eligible for EGDT underwent attempted thoracic central venous catheterization. Patients with relative normotension, as well as those with abnormal hemostasis, were less likely to receive attempted central line placement, both thoracic and femoral. Knowledge of the variables associated with central venous catheterization avoidance can inform physician education and performance improvement programs on the emergency management of patients with severe sepsis and septic shock.
